The accumulation of imidazoleglycerol phosphate during growth of Neurospora crassa in the presence of 3-amino-1 , 2,4-triazole was found to cause derepression of tryptophan synthetase and to inhibit the induction of kynureninase. Accumulation of indoleglycerol phosphate in response to growth in the presence of indole acrylic acid or anthranilic acid was also accompanied by derepressed synthesis of tryptophan synthetase. Enzyme synthesis in mutants (his-7 and trp-4) unable to form these intermediates was not altered under similar conditions. The rate of formation of tryptophan synthetase and kynureninase was found to differ in the presence of tryptophan and indole.
The tryptophan biosynthetic pathway in Neurospora crassa has been studied in many laboratories. As a result of these investigations, a reasonably complete picture of the number of enzymes involved and the number and nature of the genetic loci concerned with the production of these enzymes is available (1, 3, 7, 8 ; J. Wegman, Ph.D. Thesis, Univ. of California, San Diego, 1964) . The metabolic regulation of this system is, however, less well understood. Previous studies have shown that tryptophan inhibits the activity of the first enzyme of the pathway, anthranilate synthetase (14) , by feedback inhibition (7) . Other evidence shows that tryptophan can repress the formation of the terminal enzyme, tryptophan synthetase (13, 16) , and can induce the formation of kynureninase, an enzyme in the tryptophandegradative pathway which converts formyl kynurenine to formyl anthranilic acid (12, 23) . Lester (13) demonstrated that conidia of tryptophan auxotrophs germinated in the absence of tryptophan had two to three times higher levels of tryptophan synthetase than conidia germinated in the presence of tryptophan, and that the wildtype strain was always fully repressed, presumably by endogenously synthesized tryptophan. Matchett and DeMoss (16) also found it impossible to derepress wild-type Neurospora, and, of the tryptophan auxotrophs they examined, only strain td-201 (lacking reaction 1 and 3 of tryptophan synthetase) was derepressible. In addition, they obtained evidence indicating the presence of two distinct pools of tryptophan in Neurospora, and established that endogenously synthesized tryptophan was preferentially channeled to protein while exogenously supplied tryptophan was preferentially channeled into the tryptophandegradative pathway. On the basis of these results, they suggested that the larger or expandable pool could be responsible for control of the cycling enzymes, and that the smaller metabolic pool could function in the regulation of biosynthetic enzymes.
An investigation of tryptophan regulation in Escherichia coli, by Lester and Yanofsky (15) , showed that metabolic intermediates could elicit control. These investigators found that anthranilic acid stimulated the formation of tryptophan synthetase, presumably by inhibiting the synthesis of indoleglycerol phosphate and consequently lowering the level of intracellular tryptophan.
In this investigation we attempted to elucidate the role of tryptophan as an effector in control mechanisms in Neurospora. These studies concern: (i) the role of biosynthetic intermediates in the regulatory processes, (ii) the possibility that free tryptophan is not the active regulatory effector, and (iii) the basis of the apparent difference in regulation found between internally formed tryptophan and externally supplied tryptophan.
We have found that the conditions which cause the accumulation of indoleglycerol phosphate or structurally related imidazole compounds in Neurospora, even in the presence of tryptophan, are accompanied by derepression of tryptophan synthetase. The tryptophan-mediated induction of kynureninase is also inhibited under some of these conditions. An interpretation of these results is that tryptophan may be converted to a derivative before it can function in the regulatory mechanisms, and that indoleglycerol phosphate inhibits the formation of this derivative. The regulation of (5) with derepressible mutants of Pseudomonas putida suggested to us that biosynthetic intermediates of tryptophan and structurally related imidazole compounds could be important in the control mechanisms of enzymes related to tryptophan metabolism in Neurospora. respectively. Imidazoleglycerol phosphate is an intermediate of histidine which accumulates as a result of inhibition of imidazoleglycerol phosphate dehydratase by 3-amino-1 ,2 ,4-triazole (11) . The presence of 3-amino-1 ,2,4-triazole completely inhibited the tryptophan-mediated induction of kynureninase (b). At the concentration of indoleglycerol phosphate accumulated in the presence of anthranilic acid, however, the induction of kynureninase was not affected. Figure 1d shows that intracellular tryptophan was not reduced by these treatments to values which would allow derepression (16) hibition of kynureninase induction were apparent before the intracellular tryptophan levels were markedly reduced. Figure 2 shows the results of a similar set of experiments with the wild-type strain 74A. Anthranilic acid or 3-amino-i ,2,4-triazole in the presence of tryptophan caused derepression of tryptophan synthetase (a), and 3-amino-1 ,2,4-triazole inhibited induction of kynureninase (b) . Since the wild type is capable of converting indoleglycerol phosphate to tryptophan, this intermediate was not accumulated in measurable amounts as it was in the mutant td-201. Inhibition of the ability of tryptophan to elicit control under these conditions was not due to a decreased transport of tryptophan, since these aberrations can be produced when indole is used as a source of tryptophan.
Several derivatives of indole were tested for their ability to cause derepression (Fig. 3) . Of the six compounds tested, only indole acrylic acid elicited derepression of tryptophan synthetase; all others gave normal repressed levels of enzyme. Further, only indole acrylic acid caused the accumulation of indoleglycerol phosphate, an effect which appears to result from inhibition of the conversion of indoleglycerol phosphate to tryptophan. In contrast, the increased level of indoleglycerol phosphate resulting from an exogenous supply of anthranilic acid appears to result simply from increasing the supply of its precursor.
It appears that the activity of indole acrylic acid in the tryptophan pathway is analogous to the activity of 3-amino-1, 2,4-triazole in the histidine pathway in that indole acrylic acid causes indoleglycerol phosphate to accumulate by inhibiting its conversion to tryptophan, while 3-amino-I ,2, 4-triazole causes imidazoleglycerol phosphate to accumulate by inhibiting its conversion to imidazoleacetol phosphate.
Regardless of the mechanisms involved, the accumulation in cells of either indoleglycerol phosphate or imidazoleglycerol phasphate appears to interfere with the regulatory action of tryptophan. This conclusion is further supported by studies with mutants. The mutant 32092 lacks the enzyme PR-transferase and is therefore unable to form indoleglycerol phosphate from anthranilic acid. Similarly, his-7 mutants (e.g., strain 458) are blocked in the histidine pathway prior to imidazoleglycerol phosphate and do not accumulate this intermediate. Figure 4b nilic acid could derepress tryptophan synthetase. Indoleglycerol phosphate, if present, was below detectable levels. Figure 4a shows that, although indole acrylic acid and anthranilic acid cause the his-7 mutant to form tryptophan synthetase at an increased rate, 3-amino-I ,2 4-triazole is without effect. In this case, indoleglycerol phosphate was accumulated in response to indole acrylic acid or anthranilic acid, but imidazoleglycerol phosphate was not observed in response to 3-amino-1,2,4-triazole. These experiments show that the compounds anthranilic acid, indole azrylic acid, and 3-amino-I , 2, 4-triazole are themselves without direct effect and suggest that the accumulated intermediates are the active compounds.
In all cases where different relative rates of enzyme synthesis were observed, mixing experiments were performed with the extracts from all conditions, and neither activation nor inhibition of activity could be detected. Matchett (17) . Thus, when 14C-indole and unlabled tryptophan were supplied to growing mycelia of Neurospora, the specific activity of tryptophan in protein was higher than tryptophan in the acid-extractable portion of the cell sap. Further, the products of degradation of tryptophan were either equal to or lower than the specific radioactivity of the acid-soluble tryptophan. Figure 5 shows relative rates of the formation of tryptophan synthetase and kynureninase in the presence of tryptophan and indole. Tryptophan of biosynthetic origin is a more effective repressor of tryptophan synthetase (a) and a less effective (18) of tryptophan. The differential ability of internal and external tryptophan to enter in regulatory processes is apparent not only when these tryptophan sources are examined alone but also in the presence of 3-amino-1 ,2 ,4-triazole and anthranilic acid. In the presence of 3-amino-1 ,2,4-triazole or anthranilic acid, the differential rate of formation of tryptophan synthetase is greater in the presence of tryptophan than in the presence of indole (Fig. 6) . Therefore, although these compounds can be used to derepress tryptophan synthetase, they probably do not alter the distribution of tryptophan between the two pools.
Although the differences in relative rate of enzyme synthesis between cultures containing tryptophan and indole are small, they are completely reproducible, and this effect can be shown in both the wild type (strain 74A) and the trp-3 mutant (strain td-201).
DIscussIoN
Evidence has been presented recently concerning the role that aminoacyl-soluble ribonucleic acid (sRNA) derivatives play in the regulation of repressible enzyme systems. Schlesinger and Magasanik (21) (20) were found to fall into four distinct classes, two of which have some degree of impaired ability to synthesize histidinyl-sRNA, and all of which were unable to repress fully the histidine operon.
The results presented here lead to the conclusion that, in Neurospora, tryptophan has the attributes generally ascribed to a small molecule effector, as that term is used in the context of the operon theory (22) . Its 
